Introduction
HIV continues to be one of the leading causes of infectious death worldwide and presentation with advanced HIV disease is associated with increased morbidity and mortality. Recommendations for the management of advanced HIV disease include prompt screening and treatment of opportunistic infections, rapid initiation of ART and intensified adherence support. We present treatment outcomes of a cohort of patients presenting with advanced HIV disease in a semi-urban Zimbabwean polyclinic.
Methods
Retrospective cohort analysis of adult patients enrolled for care at Epworth polyclinic, Zimbabwe between 2007 and end June 2016. Treatment outcomes at 6 and 12 months were recorded. Multivariate logistical regression analysis was undertaken to identify risk factors for presentation with advanced HIV Disease (CD4 count less than 200 cells/mm 3 or WHO stage 3 or 4) and risks for attrition at 12 months.
Results

16
,007 anti-retroviral therapy naive adult patients were included in the final analysis, 47.4% of whom presented with advanced HIV disease. Patients presenting with advanced HIV disease had a higher mortality rate at 12 months following enrollment compared to early stage patients (5.11% vs 0.45%). Introduction of a package of differentiated care for patients with a CD4 count of less than 100 cells/mm 3 resulted in diagnosis of cryptococcal antigenaemia in 7% of patients and a significant increase in the diagnosis of TB, although there was no significant difference in attrition at 6 or 12 months for these patients compared to those enrolled prior to the introduction of the differentiated care. Introduction HIV continues to be one of the leading causes of infectious death worldwide, in 2016 it is estimated that 36.7 million people were living with HIV and infection with HIV was responsible for 1 million deaths worldwide [1, 2] . Zimbabwe, an Eastern and Southern African country has a high burden of HIV infection, in 2016 an estimated 1.3 million people were living with HIV infection in Zimbabwe [2] . Presentation with advanced HIV disease (CD4 count less than 200 cells/mm 3 or WHO stage 3 or 4) remains high in 2016 with 29% of those enrolled on treatment worldwide having advanced HIV disease [2] . Presentation with advanced HIV disease is associated with increased morbidity and mortality, increased risk of onward transmission as well as higher societal healthcare costs [3] [4] [5] [6] . Patients in developing countries tend to first present with lower CD4 counts compared to developed countries [7, 8] . Many potential risk factors for presentation with advanced HIV disease have been identified which include male sex, increasing age, low socio-economic status, poor social support and fear of stigma [6, [9] [10] [11] [12] [13] .
In 2017 new guidance on the management of patients with advanced HIV disease was issued by the WHO and include recommendations for prompt screening and treatment of opportunistic infections [13] . Testing for Cryptococcal antigenaemia in patients with CD4 counts less than 100cells/mm 3 has been shown to reduce mortality from cryptococcal meningitis and cryptococcal immune reconstitution inflammatory syndrome [14, 15] . Testing and treating for Cryptococcal antigenemia is likely to be cost effective and has already been adopted at the national level in some countries, including Zimbabwe where since December 2016 it along with screening for tuberculosis (TB) has been recommended for all patients presenting with CD4 count less than 100cells/mm 3 , it is possible that testing patients with a CD4 count less than 200 cells/mm 3 may yield additional cases [13, [16] [17] [18] .
In this study we aim to describe the burden of advanced HIV disease and the 6 and 12 month outcomes of ART naïve patients following enrollment at the Epworth polyclinic, Zimbabwe between 2007 and 2016. In addition, we aim to describe and assess if the addition of an enhanced package of care for those with CD4 counts less than 100 cells/mm 3 , including reflex testing for Cryptococcal antigenemia and screening for Tuberculosis (TB) had any impact on attrition rates (attrition in the cohort is defined as those patients lost to follow up or known to have died from any cause combined).
Methods
A descriptive retrospective cohort study using routine data collected under programmatic conditions in Epworth polyclinic, Zimbabwe All adult patients (aged 19 years or older) that were ART naïve and enrolled for HIV care at the clinic were included in this analysis, patients that were transferred-in already on ART, did not have a first visit CD4 count, or were missing a first visit WHO staging that prevented classification into a stage of presentation were excluded. Advanced HIV disease used the recent consensus definition of presentation with a CD4 count of less than 200 cells/mm 3 or at WHO stage 3 or 4, other patients were labelled as early presentation [13, 20] .
There have been changes to the standard of care that HIV patients receive at the Epworth HIV clinic during the study period, which relate both to changes in HIV policy and guidelines at the national or clinic level, and following international ART recommendations. Over time the differentiated care offered to patients presenting with advanced disease has changed, with the introduction of different components at different times, sometimes on an informal ad-hoc basis. Such components included a daycare unit (since 2014) and cryptococcal antigen testing (from 2015). By February 2015 a more formalized package of differentiated care was offered for patients presenting with advanced HIV disease and a CD4 count less than 100cells/mm 3 which included being seen in a doctor led day clinic where more extensive investigations would be routinely ordered as a package of care including serum cryptococcal antigen (CRAG) testing and sputum GeneXpert testing. Also, ultrasound, referral for chest x-ray and lumbar puncture were available if clinically indicated. If the serum CRAG was positive and there was no clinical evidence of cryptococcal meningitis then a lumbar puncture was undertaken to determine the cerebrospinal fluid (CSF) CRAG status. All patients were given co-trimoxazole prophylaxis (unless documented allergy, in which case Dapsone was used), patients were not routinely given other prophylactic antibiotics, although patients if unwell were assessed for and treated for bacterial infections as indicated. Daycare ambulatory treatment for these patients was also available at the clinic including but not limited to anti-fungal therapy, antibiotics and intravenous fluids. Patients with confirmed Cryptococcal meningitis were referred for inpatient management at a local government hospital.
The data for this analysis was collected from the paper based clinical records which was contemporaneously entered into an electronic database. A further round of data entry was undertaken between June 2017 and August 2017 to ensure that the research database was as complete as possible. Data was exported, merged and cleaned, checks on data accuracy and plausibility were carried out by the clinic data team and the research team including verifying a subset of database data against the original paper based record. Data was assessed to determine if data was missing and if it was missing at random.
Statistical analyses were undertaken in Rstudio (V 1.0.153), comparative statistical testing was undertaken using either Chi Square or exact Fisher testing. For comparison of numerical data it was first assessed for normalcy of distribution. Normally distributed data was then compared using either t-test or ANOVA, data not normally distributed was compared using Mann-Whitney testing or Kruskal-Wallis statistical tests. Two multivariate models were constructed, Risk factors for presentation with advanced HIV disease used linear regression modelling constructed using basic demographic variables. A cox-proportionate hazard models regression model was constructed using outcome data, time to outcome, demographic characteristics, tuberculosis diagnosis, enrolment CD4 count, ART regimen and Year of enrolment. Only those factors significant in univariate analysis were included in the multivariate model.
Ethical approval for this study was obtained from the Medical Research Council of Zimbabwe (REF: MRCZ/E/169
). The study met the criteria for analysis of routinely collected program data of the MSF independent Ethics Review Board and individual consent from patients was not sought [21] .
Results
A total of 20,829 ART naïve HIV infected patients were enrolled at the Epworth Polyclinic between January 1 st 2007 and the 30 th June 2016. Transfer-in cases were excluded from the database by the data team based on their ART number and a further 2,338 were excluded from further analysis as they were aged under 19 (Fig 1) . Data was then assessed for missing data in demographic details as well as first visit CD4 count and first visit WHO stage. There was complete data for age, sex and minimally missing data (<1%) for entry to clinic and marital status. A large percentage of data was missing for educational status and first visit body mass index (BMI), first visit CD4 count was missing in 12.3% of patients. Outcomes of patients with advanced HIV disease in a semi-urban polyclinic in Epworth, Zimbabwe
Patients were then grouped by stage of presentation, 2,484 were excluded as they either lacked a documented first visit CD4 count or WHO stage preventing classification, the remaining cohort of 16,007 was divided into those presenting with or without advanced HIV disease with 7,587 (47.4%) presenting with advanced HIV disease (Fig 1) .
The median age of the cohort was 33 years old (IQR 28-39), with patients presenting with advanced HIV disease presenting at a significantly older median age compared to early stage patients (35 vs 31 years old, Table 1 ). Most of the patients enrolled into the cohort were female (62.6% of all those enrolled), males were significantly more likely to present with advanced HIV disease (45.6% of males presenting with advanced HIV disease compared to 29.9% of females, Table 1 ). Patients at an early stage compared were more likely to have been enrolled via PMTCT compared to with advanced HIV disease (9.39% compared to 3.56%, Table 1 ).
There was a statistically significant although small increase in median CD4 count at first visit from a median of 222 cells/mm 3 ART naïve patients enrolling into the cohort with advanced HIV disease decreased year on year, from 60% of the cohort enrolled in 2007 to just over 40% of those enrolled in 2016 ( Fig  2B) . The median time to ART initiation in those with both advanced HIV disease and early stage disease has significantly decreased over time, with a median time of 128 days in 2008 for those with advanced HIV disease compared to a median of 11 days in 2016 (Fig 2C) . Multivariate logistical regression analysis was undertaken to identify risk factors for presentation with advanced HIV disease which identified male sex (Adjusted odds ratio (OR) 1.15), older age (Adjusted OR 1.23), referral from a health care facility and not being married were all associated with a higher risk of late presentation (Table 2) .
Defined outcomes at 6 and 12 months were available for all patients (n = 16,007, Table 3 ). Overall at 6 months 1.9% of the cohort had died and 12.5% of the cohort was lost to follow up, giving an attrition rate (Lost to follow up and deaths combined) of 14.4% at 6 months and 23% at 12 months (Table 3) . Attrition at both 6 and 12 months was significantly higher in those presenting with advanced HIV disease compared to those presenting at an early stage (Table 3) . Outcomes A cox-proportionate hazard model was constructed to identify risk factors for attrition in ART naïve patients presenting with advanced HIV disease over the first 12 months following enrollment into the cohort. The model took into account basic demographic details as well as year of enrollment, CD4 count at enrollment, initial anti-retroviral regimen as well the timing of a diagnosis of TB. The model identified single marital status was associated with a significantly higher risk (adjusted hazard ratio 1.17) of attrition over 12 months as was a CD4 count less than 200 cells/mm 3 , with the risk increasing the lower the CD4 count (Table 4) . Regimens containing Stavudine were also associated with an increased risk of attrition over 12 months as was enrollment after 2007, Table 4 ).
In February 2015 differentiated care for patients presenting with advanced HIV disease and a CD4 count less than 100 cells/mm 3 was introduced, a total of 377 patients enrolled between
February 2015 and end of June 2016 were eligible for this differentiated care. We compared the outcomes of these patients with those who were enrolled with a CD4 count below 100 cells/mm 3 stage in a period between 2010 and end of January 2015, these dates were chosen in order for there to be a similar median time to ART initiation between groups (median time to initiation of ART was 21 days in 2010-15 and 15 days in 2015-16, Fig 2C) . Serum CRAG testing was positive in 7% of patients of the 377 patients eligible for testing (Fig 3A) , in those who had a positive serum CRAG and went on to have a CSF CRAG it was positive in 44% of patients (S1 Table) . In those who had a negative serum CRAG there was no incidence of a positive CSF CRAG in the limited numbers of patients in whom it was done in (n = 8, S1 Table) . Routine screening for tuberculosis was also undertaken by sputum screening with GeneXpert resulting in a significant increase in those diagnosed and treated for TB, 35.3% of patients with advanced HIV receiving the differentiated care were diagnosed with TB compared to 26.8% in those with advanced HIV in the period previous to the introduction, this increase in diagnosis was within 2 months of enrollment to the clinic (S2 Table) . Two patients were identified to be both serum CRAG positive and co-infected with TB at first presentation.
There was no significant difference in outcome between those receiving the differentiated care compared to those who did not receive it in the period before, with retention in the cohort at 12 months 72.1% in the period before the differentiated care and 67.4% during the period that differentiated care was available (no significant difference, Fig 3B) .
Conclusions
We report here the outcomes for a large cohort of HIV patients undergoing care at a semiurban polyclinic on the outskirts of Harare, Zimbabwe. Over the course of the study the percentage of patients enrolling with advanced HIV disease significantly reduced although it still remained high by the end of the study period at 40% of ART naïve patients enrolling with advanced HIV disease.
A number of patients were excluded from the study (2484 patients) due to the lack of CD4 count or WHO stage preventing classification at time of enrolment into the cohort, these missing patients affect the completeness of the analysis and may therefore limit the interpretation of the data. All efforts were made to make the data as complete as possible, however one of the limitations of retrospective cohort analyses, particularly those spanning over a prolonged time period include variations in data capture and completeness.
In our study the median CD4 count at first visit increased by a modest 4.8 cells/mm 3 per year, other studies have shown either similarly modest or no significant increase in CD4 counts at presentation over time [8, 22] , in keeping with this and similar to other studies the proportion of patients presenting with advanced HIV disease decreased significantly overtime [23] . This together with changes in ART eligibility criteria impacted on the median time to initiation on ART over time, with the median time to initiation falling over the course of the study as has also been experienced in other settings [24, 25] . Between 2007 and 2009 the median time to initiation on ART even for those eligible (those with advanced HIV disease) was above 100 days and this was primarily due to a policy implemented at the clinic level which required at least 2 counselling sessions conducted a period of time apart to have been undertaken prior to initiation on ART. This policy was implemented to ensure that patients were likely to adhere and continue on ART which was in limited supply at the time. At other times entry into the cohort was restricted due to limitations on the availability of ART. During some of these times women and children were prioritized for initiation Outcomes of patients with advanced HIV disease in a semi-urban polyclinic in Epworth, Zimbabwe and enrollment into the cohort restricted during such as in 2009 when an ongoing political and economic crisis within the country limited the availability of ART nationwide [26] . Once these restrictions were removed and following changes in national guidance, the median time to initiation in those eligible for ART at first visit has fallen to less than 15 days and with the advent of test and treat in Zimbabwe from December 2016 this time to initiation and pre-ART attrition should reduce further [27] . These additional restrictions on enrollment for ART may have affected the enrollment into the cohort, with those ineligible not always enrolled into the cohort and therefore the percentage of patients enrolled with advanced HIV disease may be overrepresented compared to those tested in the early periods of the study when these additional restrictions were in place.
Late presentation of HIV disease has been associated with male sex, stigma, increasing age, low socio-economic status, poor social support and fear of stigma [6, [9] [10] [11] [12] 28, 29] . Similar to these studies we identified male sex, older age, referral from a health care facility and not being married as being significant risk factors for late presentation in our study. It may be that the proportion of patients presenting with advanced disease is overestimated in the dataset as earlier during the study period those patients with early disease may not have been registered in the database due to the restrictive criteria surrounding initiation on ART. Patients presenting with advanced HIV disease were at increased risk of attrition at 12 months if they were single and the lower the first visit CD4 cell count at first presentation. Regimens containing Stavudine were also at increased risk of attrition, regimens containing this drug have already been phased out of use in Zimbabwe.
Management of patients with advanced HIV disease is complex and requires prompt diagnosis of any potential opportunistic infections [13] . Following the introduction of differentiated care for patients with advanced HIV disease, cryptococcalaemia was detected in 7% of eligible patients and there was a significant increase in the detection and treatment of TB. Despite this increased detection of opportunistic infections there was no significant reduction in rates of attrition at 6 or 12 months for patients receiving this package of differentiated care compared to those who did not receive it in the period before.
The implementation of the differentiated care for patients with advanced HIV disease faced challenges in the Epworth polyclinic. Often, not all patients that were eligible received the entire package of differentiated care as referrals were occasionally missed by the clinic staff and those whose point of entry was via the TB service could bypass the service. The model of differentiated care provided in this study may have benefited from the addition of other potential components included in the recently published WHO guidance such as urinary lipoarabinomannan testing which can be of importance in identifying TB infection in those with advanced HIV disease [13] .
The Epworth polyclinic also had organizational changes during the study period including a reduction in the size of the community defaulter tracer team which may have resulted in increased attrition rates and the significantly increased risk of attrition over 12 months of follow up seen in patients with advanced HIV disease from 2013 onwards in the cox-proportionate hazard analysis. These organizational changes may have masked any potential impact of the model of differentiated care for patients with advanced HIV disease.
This study emphasizes that presentation with advanced HIV disease continues to be a significant burden in this setting. Patients with advanced HIV disease have significantly worse outcomes with higher recorded mortality compared to those presenting at an earlier stage. The introduction of differentiated care for such patients resulted in increased diagnosis and treatment of opportunistic infections and emphasizes the need for the introduction of routine screening for such infections in this population. 
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